Introduction
Air pollution is very harmful on both the environment and on living organisms at high concentrations. Furthermore polycyclic aromatic compounds (PACs), heavy metals and halogenated aliphatic hydrocarbons have been shown to be genotoxic to the living organisms (Grant, 1998) . Polycyclic aromatic hydrocarbons (PAHs) are capable of forming covalent interaction with nucleophilic centres of DNA (Piraino et al., 2006) . They also cause base pair substitutions, frameshift mutations, deletions, S-phase arrest, strand breakage and a variety of chromosomal alterations. (Singer and Grunberger, 1983; Dipple, 1985; Baird et al., 2005) . Further studies have also pointed out that long-term exposure to air pollution can cause cancer (Cohen and Pope, 1995; Sawicki, 1977; Jerrett et al., 2005) . Unfortunately, current physical and chemical methods for estimating air genotoxicity provide insufficient information to accurately quantify the risk to biota (Piraino et al., 2006) . In contrast to physical and chemical methods, biological methods allow the direct assessment of the genotoxic potential of air pollutants. Plants have been widely used as bioindicators in many studies up to now. Lichens can also be considered sensitive and efficient indicators of genotoxicity. They in particular have been widely used as trace element atmospheric biomonitors as they are widespread and capable of absorbing elements directly from the atmosphere and accumulating them in their tissues (Aras et al., 2010) . This chapter reports the results of biomonitoring experiments aimed at assessing the genotoxic potential of air pollutants. We tried to detect DNA damage using molecular marker technonolgy. Development of this technology has provided new tools for the detection of genetic alteration by looking directly at the level of DNA sequence and structure. Various types of molecular markers are available. In particular the PCR (Polymerase Chain Reaction) based molecular markers are useful for DNA analysis in complex genomes. With the PCR reaction almost any type of mutational event can be screened e.g.: point mutation, small insertion, deletion and rearrangement (Conte et al., 1998) . The experimental data generated in our studies could be used to develop a thematic map of air genotoxicity with the aim of defining the air quality due to the presence of genotoxic stressors.
Use of lichens as indicators and monitors of air pollutant effects
Lichens are prominent examples of symbiotic organisms, in which alga and fungi form an intimate biological union (Nash, 1996) . They are slow-growing associations of fungi (mycobionts) and green alga or cyanobacteria (photobionts). Lichens were recognised as potential indicators of air pollution as early as the 1860's Britain and Europe, since then lichens have played prominent roles in air pollution studies throughout the world because of their sensitivity to different gaseous pollutants, particularly sulphurdioxide (Marquez, 2008) . They have also been found to act as acummulators of trace and radioactive elements. Lichens are made up of a few distinct characters morphologically. The most obvious structure is the lichen thallus. The form of the thallus is a result of the fungal species involved in the simbiont. The thallus is the main body of the lichen. The top surface is called cortex which is normally a layer of tightly packed hyphae. There is an algal layer below this where the photobiont lives. Unlike higher plants, lichens have no roots or a well developed cuticle and they strongly depend on deposited material from the atmosphere to obtain their mineral nutrients. On the other hand the lichen surface, structure and roughness facilitate the interception and retention of particles (Marquez, 2008) . These features of lichens, combined with their extraordinary capability to grow at a large geographical range and to accumulate mineral elements far above their need, rank them among the best bioindicators of air pollution (Cansaran-Duman et al., 2009 ). Lichens in particular have been widely used as trace element atmospheric biomonitors as they are widespread and capable of absorbing elements directly from the atmosphere and accumulating them in their tissues. As a result of these proporties of lichens, several papers have been published on heavy metal monitoring of lichens in different geographic areas, even Antarctic regions (Garty et al., 1977; Ölmez et al., 1985; Bargagli, 1989; Bermudez et al., 2009; Villarini et al., 2009 ). Lichen biomonitoring is often used as receptor based method in air quality studies. It can be useful in risk assessment for human health and it can be a powerful tool for administrators inolved in environmental planning.
Genotoxic effects of air pollution and genotoxicity assessment strategies
Mixed environmental toxicants are also known to affect the genetic structure of natural populations. In other words, in living organisms heterogenous air pollutants are considered as a major source of DNA damage. They act either through the direct action of the toxicant at the DNA level (direct mutagenic effect) or via toxicant-mediated mortality and/or curtailment of reproduction (population genetic effects). Furthermore polycyclic aromatic compounds (PACs), heavy metals and halogenated aliphatic hydrocarbons, have been shown to be genotoxic to the living organisms (Grant, 1998) . Polycyclic aromatic hydrocarbons (PAHs) are capable of covalent interaction with nucleophilic centres of DNA (Piraino et al., 2006) . They also cause base pair substitutions, frameshift mutations, deletions, S-phase arrest, strand breakage and a variety of chromosomal alterations. (Singer and Grunberger, 1983; Dipple, 1985; Baird et al., 2005) 5.1 Comparative analysis of air pollution genotoxicity by molecular markers (RAPD and AFLP) and bioindicator capacity in the exposed samples of Pseudevernia furfuracea province of Kayseri We conducted studies in our laboratory in this context and the studies concluded that lichens could be utilized as sensitive and efficient indicators of genotoxicity in addition to their bioindicator capacity. Different studies which were applied to evaluate the genotoxic potential of the atmospheric environment by lichens were analysed comparatively. We aim to detect DNA damage using Randomly Amplified Polymorphic DNA (RAPD) and Amplified Fragment Length Polymorphism (AFLP), very sensitive molecular tools for the detection of DNA fragmentation and chromosomal mutations (Citterio et al., 2002) . One of our genotoxicity work reported the results of biomonitoring experiments, aimed to assess the genotoxic potential of air pollutants throughout the Kayseri Province (central Anatolia). For this investigation Pseudevernia furfuracae L. Zopf lichen species was chosen as a suitable bioindicator since its sensitivity to organic and inorganic compounds were well documented. Heavy metal accumulation was analysed by using Atomic Absorption Spectrometer (AAS) and effects of environmental pollution on DNA was investigated by RAPD and AFLP analysis in lichen species. P. furfuracea collected from Çat Forests located around the province of Sivas (central Anatolia), and then exposed at 12 polluted sites in the province of Kayseri. Lichen samples were transplanted to the different pollution sources in province of Kayseri for two time periods (dry and wet seasons) of the year (Fig 1) (Aras et al., 2010) . Economic development in the province is facilitated by the close proximity of a major road network, with arterial roads extending from east to west and north to south. This network supports heavy traffic, a major source of air pollution to the region. Also land use in the province is diverse: apart from agriculture there are both large and small industrial districts located around the city. Interestingly, both industrial districts are characterised by different activities (mechanical, chemical, textile, food) . There are definite boundaries which distinguishes urban and suburban sites in the city of Kayseri (central Anatolia). Pollution sites were urban roadsides, urban sites, urban park sites, industrial sites, rural areas and shanty areas (Table 1) . Urban sites were chosen at least 10 m away from a main road, and the samples from urban roadsides were selected from sites close to the city centre, along busy main roads. Urban roadside samples were chosen between 0 and 5 m, usually not more then 2 m away from the busy road. Urban park sites were chosen from two large parks of Kayseri. Industrial sites were chosen from the industrial parts of the city. Shanty areas were selected from two shanty zones around the city and rural samples were chosen from south of the Kayseri which were more than 10 km away from any source of pollution (Aras et al., 2010) . The experimental data generated in this study provided a thematic map of air genotoxicity for the province of Kayseri with the aim of defining the air quality due to the presence of genotoxic stressors. The study area was characterized by the presence of numerous industrial activities, such as steel works, glassworks and metallurgical, mechanical, chemical
Comparative Analysis of Bioindicator and Genotoxicity Indicator Capacity of Lichens Exposed to Air Pollution 209 and other industries. These were potential sources of heavy metals and other mixed pollutants in the environment (Aras et al., 2010) . 
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The AAS data were evaluated via pollution scales, and specimens were analysed using RAPD and AFLP-PCR to detect the probable pollution effects and changes on DNA molecules. Polymorphism was calculated in relation to the appearance of new bands and disappearance of normal bands considering the control's band patterns. Seven primers used in the study yielded new band appearance and disappearance in the exposed samples compared with the control. For example, the primer TubeA01 (5´CAGGCCCTTC3´) yielded eight clear, reproducible bands in the control which only one of them was disappeared in the exposed samples, Urban Park II, Urban I, II and Urban roadside II in wet season. Same primer yielded seven bands in control for the dry season and more band appearances and disappearences were noticed. Three primers TubeA02 (5´TGCCGAGCTG3´), TubeA03 (5´AGTCAGCCAC3´), TubeA04 (5´AATCGGGCTG3´) yielded higher polymorhism values compared to the other primers for the wet season in which the TubeA04 was displayed the highest polymorphism. TubeA02 (5´TGCCGAGCTG3´) displayed only one band disappearance in all the samples in dry season. TubeA12 (5´TCGGCGATAG3´) also showed maximum three band disappearance out of 14 in dry season (Aras et al., 2010) . The results of RAPD analysis displayed an interesting distinction in band patterns of wet and dry seasons. According to our results, the differences among the band patterns between dry and wet seasons were remarkable. Many studies have documented the differences in cell wall permeability due to factors like precipitation and subsequent better performance of lichens as a bioaccumulator during wet period. In the RAPD analysis, different band patterns were obtained for the samples collected during dry and wet season but the polymorphism ratios of the primers were not informative to make any suggestion about the harmful effect of the genotoxic agents in a certain season. But apparently DNA polymerization during PCR reactions were affected in a way and different band patterns were obtained (Aras et al., 2010) . With the aim of verifying the effect of environmental pollutants on the genetic material of the lichen samples, AFLP analysis was performed from the same P. furfuracea lichen samples exposed to polluted sites in the province of Kayseri. The primers used in the are the combination of E22-M3, E32-M7, E32-M3, E22-M6 and E32-M6. The AFLP profiles showed substantial differences between unexposed and exposed lichen samples, with apparent band changes in the number of amplified DNA fragments at different locations. The nineteen primers used displayed significant differences between the control and polluted samples collected from various parts of Kayseri. The highest number of band appearance and disappearence was determined at the samples collected from Urban road site-I for wet season and Shanty-II for the dry season with all of the five primer pairs used. But the other areas also displayed high band appearance and disappearance compared to the original control samples. Polymorphisms obtained, were due to loss and/or gain of amplified bands observed in exposed samples compared with the control (Atienzar et. al., 1999) . Meanwhile, 5 pairs of primer combination gave a total of 231 bands in wet period, 147 bands in dry period. Different polymorphic bands were detected at each location and periods for different primer combinations. Average value of polymorphism (P) obtained from the amplification of the primers used in the research was P (%) = 45.02 for wet period and 64.62 for dry period. In all cases, polymorphism was due to the loss and/or the gain of amplified bands in the exposed samples compared with the control. In addition, genomic template stability ratios (GTS) were calculated. GTS implies qualitative measure reflecting changes in RAPD and AFLP profiles. Changes in RAPD and AFLP profiles were expressed as reductions in GTS (a qualitative measure reflecting the obvious www.intechopen.com
Comparative Analysis of Bioindicator and Genotoxicity Indicator Capacity of Lichens Exposed to Air Pollution 211 changes of the number and intensity of DNA bands in DNA patterns generated by toxicant exposed) in relation to profiles obtained from control samples. In RAPD analysis, we obtained 96 polymorphic bands in wet season (Aras et al., 2010) . In AFLP analysis we obtained 104 polymorphic bands in the same season. 48 polymorphic bands were observed by RAPD analysis in dry season. But 95 polymorphic bands were observed by AFLP analysis in the same season. Similarly GTS results were compared in two different seasons per method. In RAPD analysis the highest GTS value (75%) was obtained from Park-I samples, in AFLP analysis the highest GTS value was obtained from Rural-II (85.8%) samples in wet season. In dry season, Urban-II (87.5%) and Urban roadsite-I (87.5%) samples showed the highest GTS values by RAPD analysis and Rural-II (88.8%) samples showed the highest GTS values by AFLP analysis. According to results, AFLP profile changes provide all sensitive markers to detect genotoxicity in lichens. Thus, the AFLP method has been successfully used as a sensitive means of detecting DNA damage and shows potential as a reliable and reproducible assay for genotoxicity. Furthermore, DNA affects in conjunction with other biomarkers from higher levels of biological organization would to be a powerful ecotoxicological tool. Our studies revealed that results of AFLP analyes were paralled with atomic absorbtion results. We also studied on some methods to establish a correlation between RAPD, AFLP and AAS results. We tried to construct a special mathematical model between the RAPD results and AAS values. Excel correlation function was used in order to design this model but we have not been able to construct a model showing the direct correlation between the band patterns and AAS data yet.
Comparative analysis of air pollution genotoxicity by molecular markers (RAPD)
and bioindicator capacity of the exposed samples of Pseudevernia furfuracea province of Ankara In this study, we aimed to describe the heavy metal contents of exposed P. furfuracea lichen samples to various polluted areas in the province of Ankara (central Anatolia). Lichen samples collected from the Yenice Forest (province of Karabük) and transplanted in bags to different sites in Ankara and exposed to pollution (Fig 2) . Samples were exposed for three and six months and then the concentrations of six trace elements (Cd, Cu, Mn, Ni, Pb and Zn) in P. furfuracea were determined. Heavy metal concentrations of P. furfuracea were determined by inductively coupled plasma-mass spectrometry (ICP-MS) technique. Ankara, the capital of Turkey, is located in central Anatolia, and it is the second most crowded city in the country. Ankara has gained a bad reputation for the black smog that hung over the city during the winter. The primary source of the pollution was the usage of coal, as a main fuel for residential and industrial heating during winter times. Since the 1980s, however, Turkey has made investments for the development of an extensive network of natural gas pipelines that serve all the major cities and most towns. Consequently, natural gas has replaced coal as the primary source of fuel in most the populated centers, and urban air has become cleaner than the past. The districts chosen for the study are given in Fig 2. Kızılay is the downtown of the city. Sıhhıye is the closest district to Kızılay. Ulus is the downtown of the old town of the city and Dışkapı is close to Ulus. All these districts are very crowded and polluted areas especially in terms of vehicular traffic. Tandogan, Emek, Yenimahalle and Etlik are the major residential areas where natural gas is the main energy source used for heating. Mamak is a shanty area where coal burning is still used for heating purposes. Eryaman is a suburban site which is 30 km far from downtown and natural gas is the only energy source used. Tandogan-in front of Ankara University Table 2 . The localities of the lichen samples used in Ankara
Comparisons of the Pb concentrations of the samples from exposed sites with the control yielded very significant variations. Kızılay and Sıhhıye with the highest human activities, together with high vehicular density congestion, showed the highest Pb with the values of, 47.00 µgg -1 in three months and 52.80 µgg -1 in six months which were significantly higher than the control site, 22.70 µgg -1 . It can be concluded that Pb concentration is the highest in Kızılay district because it is the central part of the city where human activities and density of traffic are very intense. The mean Cd concentration in Eryaman, Emek and Tandogan are slightly higher than the control site. The other districts; Dışkapı, Mamak, Kızılay and Sıhhıye showed significantly higher Cd concentrations than control site in six months. The concentrations of Cd in three and six months were significantly higher in Dışkapı, Mamak, Kızılay and Sıhhıye than the control site, probably indicating the contaminants from motor vehicles, dust raised by metal industry and other human activities. The most important sources of Cd pollution were regarded as fossil fuels used by the vehicles, metal business, plastics, house tools construction and sewer. Increases in trace element concentration confirm that vehicular traffic plays a prominent role on air pollution of Ankara. In addition, DNA alterations in the exposed lichen samples were aimed to be described by RAPD analysis. Out of 17 decamer oligonucleotide primers tested, six of them showed clear and reproducible bands. In RAPD analyses some of the primers displayed significant differences between the control and polluted samples exposed to various parts of the city of Ankara.
The number of band appearance and disappearance was the highest in the samples collected from Mamak district for three months and Dışkapı for the six months for all the six primers used. The size of the disappearing bands ranged from 220 bp to 1600 bp. But the other areas also displayed high band appearance and disappearance compared with the original control sample. For example, the primer OPOO3 (5´CTGTTGCTAC3´) yielded 11 clear, reproducible bands in the control which only one of them was disappeared in the exposed samples in Emek, Mamak, Dışkapı, Kızılay and Sıhhıye in three months. Same primer yielded more band appearances and disappearances in six months (Mamak, Dışkapı, Kızılay and Sıhhıye). One of the other primers used in the study OPB16 (5´TTTGCCCGGA3´), also showed maximum three band disappearance (Mamak) out of 12 in six months. As could be seen from results the sample exposed in Mamak yielded 15 polymorphic bands and the sample from Dışkapı showed 14 polymorphic bands. Sıhhıye and Kızılay districts followed them with 13 and 11 polymorphic bands, respectively in three months. In six months Kızılay district samples showed the highest polymorphism with 15 band variation. The results prove that these districts are the most populated and polluted areas in Ankara (Cansaran-Duman et al., under review). The highest DNA band variation was recorded in the samples exposed for six months in Dışkapı. P. furfuracea samples transplanted to Mamak and Dışkapı showed higher DNA variation than the other sites after three and six months. This result might be correlated with the elevated Pb accumulation as a result of very dense vehicular traffic. Results indicated that both accumulating trace elements and DNA variations by RAPD analysis were the highest in samples exposed for six months.
Comparison of chemical content and RAPD profiles in the exposed samples of P. furfuracea province of Ankara
The results for Zn, Cd and Pb elements from Dışkapı and Mamak samples were found high, as expected. In these districts coal burning in stoves is common which stimulates Zn and Cd accumulation in that region and also the areas are hollow where circulation and reverse inversion do not exist. All these factors are the main reasons for air pollution in these districts and explain the elevated levels of heavy metals recorded for areas. Likewise, the results of RAPD analysis yielded the highest band variations in the samples from these districts. According to the results of chemical analysis, the sample exposed in Eryaman which is 30 km away from downtown (Kızılay) yielded the lowest metal values which are close to the values obtained from the control sample. In Eryaman accumulation in the sample is not high as the central natural gas system is used commonly for heating. Likewise, RAPD profiles of Eryaman sample displayed the most similar band pattern with the control among all the samples. According to our observations obtained from chemical analysis, Mamak and Dışkapı were the most polluted areas because of usage of stoves for heating, Kızılay and Ulus were polluted because of the traffic.
We also recorded a slight increase in metal contents of the samples from three months to six months. Likewise DNA band variation intensities were increased and in accord the GTS values were decreased in the samples exposed for 6 months. As a result, the present study confirms lichens as efficient metal accumulators and their appropriate use in biomonitoring studies. The concentrations of six elements detected in P. furfuracea, after exposure in bags in the urban area of Ankara, compared with the element content in control site gave a clear indication of urban air contamination by trace elements. The correlation between Cd, Cu, Mn, Ni, Pb and Zn confirm that vehicular traffic plays a prominent role in Ankara's air pollution.
Comparison of the results obtained from two different provinces (AnkaraKayseri, Turkey)
The experiments were carried out in Ankara and Kayseri using the bag technique with the same type of lichens. Both cities were in central Anatolia region and their climate had similar aspects. Same types of lichens were transplanted using the bag technique in especially shanty areas and the parts with traffic of both cities. When the RAPD results were compared, it was observed that there were numerous band changes for the lichen species especially near the highways like Kızılay, Sıhhiye, Ulus in Ankara and Kayseri. Band changes were observed clearly for the lichen species in regions with high consumption of coal as a fuel; shanty areas in Kayseri and Mamak, Dışkapı provinces of Ankara. RAPD results were compared with the atomic absorption spectrometer data. It was identified that results for Mg, Zn and Mn showed high values in Sıhhiye, Mamak, shanty areas and near the highways in Kayseri but the results were not correlated with mathematical expressions and models.
Comparative analysis of heavy metal accumulation in the samples of Pseudevernia furfuracea, Evernia prunastri, Usnea hirta, Hypogymnia physodes province of Iron-steel Factory in Karabük and examples to genotoxicity 5.4.1 Accumulation of heavy metals in Pseudevernia furfuracea
The study was initiated with the objective to provide baseline information on metal accumulation in lichen species growing in and around the Iron-steel Factory in Karabük, Turkey. P. furfuracea lichen specimens were collected from every 5 km starting from around the Iron-steel Factory located in the central area of Karabük province (Anatolia), up to Yenice Forest (Table 3 ). The locations of the districts were also given in the map (Fig 3) . Zn, Cu, Mn, Fe, Pb, Ni, Cd, Cr concentration were analyzed in the samples collected from polluted and unpolluted areas. In the study P. furfuracea sample from Yenice Forest was used as a control. The reason for the choise of Yenice Forest was the abundance of species diversity, and therefore sample collection might cause a very low impact on natural population density. The forest is among the 100 forested areas that must be urgently taken under protection according to World Wildlife Fund (WWF) researches. The present investigation has involved the collection of ten P. furfuracea samples growing on Pinus sp. from 10 sites in and around Karabük Iron-steel Factory area, Karabük, Turkey. The metal concentration of P.
furfuracea samples collected from Yenice Research Forest (Yenice-Karabük) and Karabük Ironsteel Factory were analyzed by atomic absorbsion spectrometry. The thalli of P. furfuracea were used to determine the levels of eight metals (Zn, Cu, Mn, Fe, Pb, Ni, Cd, Cr). The 5 th and 8 th stations which were located close to Iron-steel Factories and major motor vehicle traffic, manifested the highest level of Mn (Table 3) . At site 8, combustion of coal and other kind of fuels rather than natural gas seem to be the reason of air pollution. Site 10 with the highest human activities, together with high vehicular density congestion, showed the highest Pb levels with the value of 9.750 mg/kg which is significantly higher than that of the control site (4.00 mg/kg) ( 
Locality No

Date of collection GPS co-ordinates
Accumulation of heavy metals in E. prunastri
Heavy metal concentrations of E. prunastri samples taken from polluted sites and control group are summarized in Table 5 . All stations were statistically analyzed to determine their relationships with respect to each heavy metal. SPSS 11.5 analysis was used to show the relationships of the stations and some results were shown with tables (Table 5 ) (CansaranDuman et al., 2011) . The highest levels of Manganase (Mn) in the E. prunastri were found in sites 8 (82.7 µg/g), 5 (77.0 µg/g) and 6 (73.7 µg/g). In order to compare the ability of the lichen species to accumulate some heavy metals, they were compared with the element concentrations in the baseline material. For example, the highest levels of Mn in the E. prunastri were found in the site 8 (82.7 µg/g) (control is 28.8 µg/g) ( Comparisons of the Pb concentrations of E. prunastri specimens from polluted sites with the control yielded very significant variations. Sites 1, 7 and especially sites 9 with the highest www.intechopen.com In the same study the samples were also evaluated to detect DNA damage in thallus, caused by environmental pollutants. The region surveyed in the study suffers from substantial historical and current air contamination principally due to the presence of the steel and iron industry, which have been active since 1925 until now. The use of biological responses to contaminant exposure by lichen species has become a useful tool in environmental quality evaluation and risk assesment (Cansaran-Duman et al., 2011).
Chemical content in Hypogymnia physodes and Usnea hirta
Lichen Hypogymnia physodes and Usnea hirta samples were collected in 2005 from 10 stations around Iron-steel Factory in Karabük, Turkey (Fig. 3) . H. physodes and U. hirta samples from Yenice Forest were used as a control. The aim was to evaluate the bioaccumulation ability and to determine the environmental impact of an Iron-steel Factory in Karabük (CansaranDuman, 2011). The analytical results were compared statistically by using Statistical Package for the Social Sciences (SPSS). As expected, the study area (Yenice Forest, Karabük) was chosen as control site (site no 11) ( Table 2) showed significantly lower impact in comparison to other site (site no 1-10). Compared with the two lichen species, H. physodes was the species with the highest accumulation capacity while U. hirta had the lowest one. These criteria attested the best suitability for H. physodes, followed by U. hirta (Cansaran-Duman, 2011) . Around the Karabük Iron-steel Factory, the highest levels of Zinc (Zn) in the H. physodes were found in site 4 (33.1 µgg -1 ), site 8 (30.2 µgg -1 ) and site 5 (30.1 µgg -1 ), respectively. Sites 6, 7, 10 and 1 were determined close to each other value in the H. physodes species (Fig4) . Also, the highest levels of Zinc (Zn) in the U. hirta were found in sites (1, 5 and 7) (21.1, 21.4 and 21.2 µgg -1 , respectively). In addition to these sites, Zn concentration in sites 3(19.0 µgg -1 ) and 9 (20.6 µgg -1 ) was high value in U. hirta. Zn concentration in the lichen samples was linearly related to the vehicle traffic, railway and activity of industrial units. The highest levels of Manganase (Mn) in the H. physodes were found in sites 2 (195.8 µgg -1 ), and 4 (202.7 µgg -1 ), respectively. The highest levels of Mn in the U. hirta were found sites 3 (195.9 µgg -1 ) and 4 (150.3 µgg -1 ) with a control value of 19.3 µgg -1 . We considered that both of samples were higher for Mn concentration in site no 4. The reason for this, motor vehicles are known to be a source of Mn in urban areas (Monaci et al., 2000) and could explain the reason of elevated Mn concentrations in site 4 (Cansaran-Duman, 2011).
Comparisons of the Pb concentrations of the H. physodes and U. hirta species from polluted sites with the control yielded very significant variations, especially U. hirta species. Sites 3, 5, 8 and especially sites 1, 10 (Fig 3) with the highest human activities, together with high vehicular density congestion, showed the highest Pb with the values of, 8.78 µgg -1 in U. hirta species which were significantly higher than the control site, 1.32 µgg -1 (Fig. 4) . It could be concluded that Pb concentration was highest in sites 1 and 10 because they are the central part of the city where human activities and density of traffic are very intense (CansaranDuman, 2011) . Although the highest levels of chromium (Cr) in the H. physodes was found in site 7 (3.86 µgg -1 ), and 8 (4.56 µgg -1 ), respectively, these sites slightly higher than the controls. The chromium (Cr) concent in sites 5 (6.75 µgg -1 ), 6 (4.18 µgg -1 ), and 7 (3.15 µgg -1 ) were significantly higher than control site (1.96 µgg -1 ) in U. hirta. The most important sources of Cr pollution are indicated as industrial activities like refining works and Iron-steel Factories (Cansaran-Duman, 2011 (Markert, 1992) . Markert (1992) was recorded the Cd levels in between 0.01 and 0.3 µgg -1 for unpolluted natural environments and also reported that all of the study sites have been polluted except rural sites.
Comparison H. physodes, U. hirta, P. furfuraceae heavy metal accumulation
The presence of heavy metals in P. furfuracea was already reported in Cansaran-Duman et al. 2009 and to allow the comparison with U. hirta and H. physodes species in the present review the results are expressed. It was compared H. physodes, U. hirta with P. furfuracea, there was no different in Zn concentration. Especially, sites 7 and 10 in P. furfuracea were significantly higher than U. hirta and H. physodes (Fig. 4) . In the site 10, Pb concentration of P. furfuracea was highest than U. hirta and H. physodes. Thus, H. physodes and U. hirta the highest concentration of Pb which can be related to a selective cation uptake as was informed previously by Cansaran-Duman et al. 2009 . The authors attributed this finding to a greater affinity between Pb cations and the lichen cell wall exchange sites that are probably strongly attached to binding sites (Fig 4) . H. physodes in the levels of Fe metal accumulated in site 8 were similar to those obtained by Cansaran-Duman et al. 2009 in P. furfuracea species from same site of Iron-steel Factory in Karabük. Highest Fe concentration was found in P. furfuracea t o s i t e n o 1 , w h i l e F e concentration was lower in U. hirta and H. physodes (Fig 4) . The order of magnitude of accumulation on Mn at 2, 4 and 10 sites were H. physodes > U. hirta > P. furfuracea. Although U. hirta showed the highest levels of Mn in site 3, H. physodes was higher accumulated than P. furfuracea and U. hirta sites 5 and 9 (Fig 4) . Mn could be tracer of both eolic dust particles as well as vehicular traffic, since this element has recently been used as a substitute for Pb in additives (Ardeleanu et al., 1999 
RAPD profiles of P. furfuraceae
In this study the genotoxic effects of various environmental pollutants were tested with the samples collected from their natural habitats from the Karabük region. 10 of the primers yielded clear and reproducible bands in RAPD analysis. Among the primers used, TubeA03 (AGTCAGCCAC) showed the highest polymorphism while TubeA02 (TGCCGAGCTG) and TubeA04 (AATCGGGCTG) showed monomorphic band patterns. Additionally, genomic template stability ratios (GTS) were calculated. GTS related to the level of DNA damage, the efficiency of DNA repair and replication, Atienzar et al., (1999) could explain the appearance and disappearance of bands. The lowest values were obtained in sample numbers 10, 9 and 8. Generally in samples 8, 9 and 10, the lowest GTS values were obtained, which might imply the sensitivity of lichens to genotoxic stressors near the Ironsteel Factory. Previous studies have also indicated that mutations, chromosomal rearrangements and other DNA lesions could be the reason for the variation in RAPD band patterns. It was demonstrated that changes in RAPD profiles induced by pollution could be regarded as modifications in genomic template stability. On the other hand mutations could be displayed as an appearance of new bands in RAPD assay if the same locus hosts mutations in a sufficient number of cells which might require at least 10% of the mutations (Atienzar et al., 2000) . In a another study, a controlled experiment with one type of heavy metal treatment was also conducted in our laboratory in order to show the effects of a genotoxic agent under in vitro environment (Aras et al., 2010) . In the study a clean sample of P. furfuracea collected from Yenice Forest was exposed to various doses of Pb in different time intervals. Although the polymorphism percentages were not calculated in the study obvious band changes were visualized especially after 24 and 48h. of Pb treatments. Results of the study displayed that even only one kind of stressor (Pb) might induce DNA changes in P. furfuracea samples under in vitro conditions (Aras et al., 2010) . Thus, it might become easier to explain the level of polymorphisms recorded, in the studies in samples exposed to polluted environment.
RAPD profiles of E. prunastri
Genotoxic contamination was monitored by RAPD analyses with Evernia prunastri lichen samples exposed to differently polluted sites in Karabük (Table 3) . A clear genotoxic influence is demonstrated in E. prunastri exposed naturally to railways, motorways and the Iron-steel Factory in Karabük. DNA damage assessed by RAPD analyses in the E. prunastri province of the Iron-steel Factory in Karabük, Turkey. Results of this study was exhibited similar results P. furfuraceae lichen species in Karabük (Cansaran-Duman et al., 2011).
Comparison of P. furfuraceae and E. prunastri RAPD fingerprint results
The high values of DNA damage were obtained by both lichen species (E. prunastri and P. furfuracea) exposed naturally to various polluted sites around the Iron-steel Factory in Karabük. have recorded high deterioration of DNA integrity in E. prunastri exposed at the same site in 2005, while data presented here showed moderate DNA damage in P. furfuracea exposed at the same location. But direct comparison of results may be difficult due to differences in the biology of the employed species, different season and duration of exposure and because of constant alternations in quality and quantity of air pollution. However, the level of DNA damage measured in P. furfuracea was lower in E. prunastri in the same region. However, these measurements cannot provide detailed data on a variety of specific chemicals or their interactions responsible for genotoxic impact during the investigated period, and are therefore used here only as an indication of polluted status (Stambuk et al., 2009 ). This may be due to adaptive mechanisms developed in lichen species continuously inhabiting polluted environments. Nevertheless, further studies which focuse especially on the influence of other ecological factors on DNA damage are needed.
Conclusion
The results of all these studies pointed the advantages of biomonitoring with lichens over instrumental monitoring. Lichens accumulate most of the elements of the periodic table, are usable at low expense, do not depend on electricity for their operation, do not need treatment and are easy to hide, thus discouraging vandalism. In contrast to physical and chemical methods, biological methods allow the direct assessment of the genotoxic potential of air stressors. Thus biological data can be used to estimate environmental and the potential impact on other organisms, including humans. Ultimately, usage of lichens may allow the ecotoxicological examination of the link between molecular alternations and measurable adverse effects at higher levels of biological organizations. The techniques also might provide an early warning system with a higher sensitivity than the conventional techniques.
